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INTRODUCTION:  At  the  time  of  diagnosis  ovarian  carcinoma  often  presents  at  an  advanced  stage 
with  disseminated  intraperitoneal  disease.  The  mechanisms  that  control  ovarian  carcinoma 
progression  to  a  locally  advanced  and  ultimately  a  metastatic  phenotype  remain  incompletely 
understood.  Given  the  lethality  of  advanced  metastatic  ovarian  carcinoma,  identifying  specific 
mechanisms  of  ovarian  carcinoma  progression  to  a  metastatic  phenotype  are  critical  to  develop 
novel  strategies  for  therapeutic  intervention.  Recently,  a  number  of  genes  have  been  identified  that 
affect  metastasis  without  affecting  tumorigenicity,  such  as  NM23,  integrin  interacting  factors 
(KAI1),  GPCRs  (KiSSl),  MKK4  and  the  Rho/Rac  regulator  (RHOGDI2)  among  others  .  Given  the 
pattern  of  local  spread  and  subsequent  metastasis  of  ovarian  carcinoma,  new  approaches  for 
identification  of  genes  controlling  tumor  progression  are  required.  RNA  interference  (RNAi)  is  a 
powerful  approach  to  identify  specific  genes  as  targets  for  therapeutic  intervention.  Screens  using 
RNAi  have  identified  genes  required  for  specific  cellular  processes  including  apoptosis,  proliferation 
and  tumorigenesis.  Stable  expression  of  a  vector  based  short-hairpin  RNA  (shRNA)  library  allows 
one  to  screen  human  genes  for  their  individual  roles  in  specific  biologic  processes.  The  purpose  of 
this  study  is  to  use  an  shRNA  library  screen  to  identify  known  and  novel  metastasis  suppressor 
genes  in  ovarian  carcinoma,  Our  model  will  identify  both  metastasis  suppressor  genes  as  well  as 
genes  involved  in  suppression  of  intraperitoneal  attachment  and  tumor  growth.. 
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BODY: 


Task  1:  Generate  shRNA  library  retrovirus  and  stable  transduce  non-intraperitoneal 
studding,  non-metastatic  ovarian  carcinoma  cells  (BG-1 ,  OC4)  with  shRNA  expressing 
retrovirus. 

Cells  will  be  transduced  in  vitro  with  retrovirus  and  stable  selection  with  puromycin  will  be  initiated 
the  following  day.  Growth  of  cells  in  selectable  media  will  only  be  perfonned  for  48  hours  to 
eliminate  non-transduced  cells.  Following  this  cells  will  be  harvested  for  intraperitoneal  injection. 
For  control  purposes  some  flasks  of  cells  will  be  transfected  with  scrambled  or  empty  shRNA 
containing  retrovirus.  For  positive  controls  flasks  of  cells  will  be  transduced  with  retrovirus  shRNAs 
for  KiSSl,  nm23  and  MKK4.  These  are  known  metastasis  suppressors  and  are  expected  to  function 
by  enhancing  i.p.  implantation  and  metastasis  of  BG-1  and  OC4  cell  lines,  (month  1) 

ACCOMPLISHED:  Initial  studies  confirmed  the  transduction  and  stable  selection  condition  for  our 
library.  We  generated  stable  pools  for  BG-1  and  OC4  shRNA  library  overexpressing  cells. 


Task  2:  Analyze  shRNA  library  for  effects  in  vivo  on  i.p,  tumorigenesis  and  metastasis. 

Female  Nod/SCID  mice  (50  mice  total),  will  be  injected  i.p.  with  cell  lines  as  follows: 
negative  control  cell  lines  (no  i.p.  tumors,  no  metastasis) 

BG-l/(shRNA-scrambled)  [5  mice],  OC4/(shRNA-scrambled)  [5  mice] 

Positive  control  groups  (i.p.  tumors,  positive  metastasis) 

OC4/(shRNA-MKK4)  [5  mice],  OC4/(shRNA-KiSSl)  [5  mice],  OC4/(shRNA-nm23)  [5  mice] 
BGl/(shRNA-MKK4)  [5  mice],  BGl/(shRNA-KiSSl)  [5  mice],  BGl/(shRNA-nm23)  [5  mice] 

Test  group  for  shRNA  library 

BG-1  /(shRNA  library)  [10  mice],  OC4/(shRNA  library)  [lOmice] 

Animal  will  be  followed  three  times  a  week  and  harvested  in  groups  of  2  weekly  starting  at  first 
signs  of  disease  or  morbidity.  Tumors,  metastases  and  organs  will  be  harvested  as  indicated, 
(months  2-4) 

ACCOMPLISHED:  The  screens  from  this  study  yielded  20  isolatable  i.p.  tumors  from  the  BG-1- 
ShRNA  group.  No  tumors  were  observed  or  isolated  from  the  BG-l-shRNA-scrambled  (vector) 
group.  Two  of  the  three  expected  positive  control  shRNA  did  not  yield  tumors  (MKK4,  KiSSl). 
Some  small  tumors  wre  detected  in  the  shRNA-nm23  group.  The  parallel  screen  with  OC4  cells  did 
not  yield  any  detectable  tumors  in  any  groups.  This  may  be  a  limitation  of  the  time  involved  in  the 
initial  screen  or  a  lack  of  one -hit  metastasis  suppressor  activity  in  these  cells. 


Task  3:  Animal  model  harvesting  of  tumors,  metastasis  and  organs  Sequencing  of  shRNA  and 
frequency  mapping 

Cell  lines  will  be  established  from  individual  i.p.  tumors  and  macroscopic  metastasis.  Remaining  1/ 
of  individual  tumors  will  be  frozen  for  sequencing.  Liver  lungs  and  i.p  organs  will  be  harvests  and 
split.  With  a  part  for  H&E  staining  and  the  remainder  flash  frozen  for  RNA  isolation.  RNA  from 
frozen  tumors  will  be  PCR  sequenced  using  flanking  sequence  primers  specific  for  the  shRNA 
region  of  the  retoviral  library.  RNA  from  frozen  organs  will  be  analyzed  by  affymetrix  arrays 
specific  for  the  shRNA  regions  to  detennine  shRNA  frequency.  (Months  4-6) 

PARTIALLY  ACCOMPLISHED:  from  the  20  tumors  derived  for  the  i.p.  screen  in  BG-1  were  able 
to  establish  10  cell  lines  under  stable  marker  (puro)  selection.  Initial  survey  of  distant  organs  -  lung 
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liver,  did  not  reveal  gross  metastasis.  Given  the  limited  number  of  i.p.  clones  and  lack  of  distant 
Mets,  the  follow-up  AFFX  screen  was  not  implemented. 


Task  4:  rederive  specific  shRNA  clones  in  OC4  and  BG1  cells 

Analysis  of  the  above  data  will  yield  specific  metastasis  and  i.p.  tumor  growth  suppressors  genes 
based  upon  shRNA  targeting  from  the  retroviral  pool  library.  Those  sequences  identified  or  our  lead 
candidates  based  upon  frequency  will  be  used  to  rederive  individual  clones  stably  expressing  a 
single  shRNA  f  interest.  In  this  way  we  expect  to  be  able  to  validate  that  knockdown  of  a  specific 
gene  will  produce  an  individual  BG1  or  OC4  cell  lines  capable  of  i.p  tumor  growth  or  metastasis 
from  an  i.p.  site.  Cell  lines  will  be  analyzed  by  RT-PCR  and  western  blot  to  confirm  knock-down, 
(months  5-8) 

PARTILLY  ACCOMPLISHED:  WE  have  established  the  cell  lines  from  our  original  screen. 
Sequencing  for  genomic  DNA  incorporation  of  shRNA  plasmids  is  still  pending. 


Task  5:  validation  of  shRNA  clone  effects  on  i.p.  tumorigenesis  and  metastasis  in  vivo. 

Those  cell  lines  generated  from  the  above  identified  shRNAs  will  be  injected  into  mice  (5  animal  per 
shRNA  clone)  compared  to  shRNA  scrambled.  This  task  will  test  the  ability  of  individual  clone 
knockdown  to  produce  an  in  vivo  tumorigenic  and  metastatic  phenotype,  (months  7-12) 

PARTIALLY  ACCOMPLISHED:  Using  the  10  cell  lines  from  the  above  screen  we  tested  their 
ability  to  form  tumors  .  Of  the  10  we  were  able  to  successfully  demonstrate  that  5  exhibited  stable 
metastatic  phenotype  and  generated  i.p.  tumor  in  vivo. 


Task  6:  Analysis  of  specific  metastasis  suppressor  genes  mechanisms  of  action  in  vitro. 

Those  clones  with  the  greatest  promise  of  knocking  out  a  specific  metastasis  suppressor  gene  will  be 
pursued  in  vitro  to  identify  mechanism.  The  mechanism  tested  will  include  migration  invasion 
assays  and  survival  proliferation  assays.  We  will  focus  on  cell  signaling  pathways  as  well.  The 
specific  of  each  pathways  or  assay  used  will  be  based  upo  gene  infonnation  and  infonnatics  from  the 
above  studies,  (months  7-12) 

NOT  ACCOMPLISHED:  given  the  time  put  into  the  original  screen  and  cell  line  generation  we  were 
not  able  to  reach  the  point  in  this  study  that  follow  up  mechanisms  were  able  to  be  investigated. 
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KEY  RESEARCH  ACCOMPLISHMENTS 


1-  Demonstrated  the  utility  of  a  genetic  shRNA  in  vivo  screen  to  test  for  knco-down 
induced  tumor  progression  and  metastasis. 

2-  Established  5  ovarian  cell  lines  with  more  aggressive  tumorigenesis  from  non- 
tumorigenic  parental  lines. 


REPORTABLE  OUTCOMES: 


WE  have  generated  5  metastatic  ovarian  cancer  cell  lines  derived  from  an  original  non-metastatic 
parent  cell  line. 

BG-l(shRNA-SCl) 

BG-l(shRNA-SC2) 

BG-l(shRNA-SC3) 

BG-l(shRNA-SC4) 

BG-l(shRNA-SC5) 


And  the  respective  non-metastatic  vector  line. 

BG-l(Vec) 
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CONCLUSIONS: 


Overall  the  research  here  has  demonstrated  the  feasibility  of  using  transfection/transduction  based  shRNA  screen 
for  analyzing  in  vivo  phenotypic  changes.  This  offers  advantages  to  typical  in  vitro  screen  based  approaches  in  that 
it  retains  a  greater  degree  of  host-cancer  (stromal-matrix,  tissue  architecture)  components  that  might  otherwise  not 
be  observed  in  an  in  vitro  cell  culture  system.  Using  this  in  vivo  screen  approach  we  have  demonstrated  the 
generation  of  5  independent  metastatic  ovarian  cancer  cell  lines  derived  from  a  parental  non-metastatic  non 
tumorigenic  (i.p.)  line. 
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